ABSTRACT: 189 species of seaweeds have been recorded for the Atlantic archipelago of the Azores (114 Rhodophyceae, 41 Phaeophyceae and 34 Chiorophyceae). Ten of these have been described as endemic algae. The taxonomic status of these "endemics" is far from clear, however. Studies on the relatedness of this seaweed flora to seaweed floras of surrounding areas using clustering methods indicate its intermediary position between the seaweed floras of the subtropical Macaronesian Islands (Canaries, Madeira and Salvages) on the one side and those of the warm temperate Eurafrican coasts on the other side. The geographic position of the Azores is NW of the other Macaronesian Archipelagos and thus nearer to the American coast. The Gulf stream may easily transport seaweeds from the Carribean to the Azores. Nevertheless, the number of species of these islands in common with the American Atlantic coast is much lower than with, for example, the W. Mediterranean. Of one group of seaweeds, viz. algae with a strictly warm temperate distribution, not a single species occurs likewise on American coasts. This absence is probably exphcable because of the narrow temperature range for survival of these seaweeds. Temperatures of surface waters around the Azores during pleistocene glaciations were not much lower than they are at present. Nevertheless, it can be supposed that a number of seaweeds now occurring in the Azores have become extinct during the last glaciation.
INTRODUCTION
In his paper dealing with the marine flora of Atlantic islands, Feldmann (1946) characterized the seaweed flora of the Azores as boreal, poor in species, and without any of the species that occur on the Atlantic coasts of N. America but that are absent from the E. Atlantic. According to Feldmann (1.c, ) , the Azores form part of the Lusitano-African region, like the other Macaronesian islands (except the Cape Verde Islands). In recent phytogeographic studies, the position of the Azores is rarely discussed, but they have been incorporated in the list of benthic marine algae of the North Atlantic Ocean (South & Tittley, 1986) , and included the Azorean archipelago in the Warm temperate NE Atlantic Region.
The purpose of the present study is to explore further the biogeographic position of the Azores using new floristic data in addition to older ones. The new floristic data were collected during the CANAP-V-Expedition (1981) For abbreviations denoting geographic areas see Table 1 The designation "assembledseaweed flora" is used for the total of the floras of red, brown, and green seaweeds altogether. However, in this paper this will generally be shortened as a "given area's (seaweed) flora" (for instance, the Azorean flora). If, however, the designation "seaweed floras of a given area" is used, it refers to the separate floras of red, brown, and green seaweeds. Table I . List of abbreviations denoting geographic areas (coasts). For dehmination of these areas see Fig. 1 In the present study, the very broad warm temperate, NE Atlantic Region (Van den has been divided into three subregions in the same way as described by Prud'homme van Reine & Van den Hoek (1.c.; see also my present Table 3 ). The Azorean seaweed flora can be expected potentially to encompass species of the following climatic distribution groups (or distribution types): tropical-to-southern cooler warm temperate (SCWT), tropical-to-northern cooler warm temperate (NCWT), tropical-to-cold temperate, tropical-to-arctic, subtropical-to-SCWT, subtropical-to-NCWT, subtropical-to-cold temperate (here including tropical-to-arctic), SCWT proper, SCWT-to-NCWT and SCWT-to-cold temperate (here including SCWT-to-arctic) (cf. also Table 4 ). For discussion about the delimitation of the areas, see Prud'homme van Reine & Van den Hoek (1988) ; for the concept "climatic distribution group" see Van den Hoek (1979 , 1982b , 1982c .
To analyse the data the same methods have been used as described in Prud'homme van Reine & Van den Hoek (1988) .
RESULTS
189 of the 1505 species of seaweed included in the data matrix (921 Rhodophytes, 329 Phaeophytes and 255 Chlorophytes) have been recorded from the Azores. For numbers of species shared with other areas, see Table 5 .
Results of G r o u p clustering of, respectively, the Rhodophycean, Phaeophycean, Chlorophycean, and assembled (= total) seaweed floras using the Preston dissimilarity General: Collins & Hervey (1917) , Van den Hoek (1982a) , Taylor (1960) , Wynne (1986) Figure 2 the result of clustering assembled seaweed floras is given. The Cumulative Minimal Spanning Subtrees also showed differences in the way the Azorean seaweed flora could be hnked to other seaweed floras. In Figure 3 the result for the green seaweeds is given: in Figure 4 the result for the assembled seaweed floras. SCWT---57. Table 1 . Dissimilarity is given as percentage. Solid lines represent hnks of lowest dissimilarity. Broken hnes represent another possible hnk, to which is added its dissimilarity value When a three-dimensional system is used to elucidate the (dis-)similarities of the seaweed floras of the areas, only ca 60 % of the (dis-)similarities in the n-dimensional space can be visualized. The intermediary position of the seaweed flora of the Azores can be best figured by the results for the brown seaweeds {Fig. 5). For the assembled seaweed floras, see Figure 5 in Prud'homme van Reine & Van den Hoek (1988}. In Figure 6 and Table 6 the results of the comparison of the species of the Azorean seaweed flora shared with Atlantic America on the one side and with Atlantic Eurafrica on the other side are summarized. The Azorean species shared with Macaronesia s.s. and with the western part of the Mediterranean are also indicated. One should realize that the total number of species in each chmatic distribution group is only given for the Azorean flora. For other floras, only those species of each distribution type are given that are shared with this Azorean flora. Thus, the total numbers of each chmatic distribution group in each flora may be larger than indicated here. For the acutal numbers of species of geographic areas in the NE Atlantic Ocean see Table 7 , Figure 7 , and Table 5 , last column. The numbers of species shared with the Azorean seaweed flora as well as the numbers of endemics are also given. In Figure 2 the assembled seaweed flora of the Azores occupies a separate and individual position, quite distantly related to floras of the warm temperate Eurafrican coasts (excluding the very dissimilar seaweed flora of subtropical Africa, however). The three Eurafrican warm temperate areas are mutu~lly more closely related and a similarly close relatedness can be deduced for the Macaronesian islands sensu stricto. Minimal Spanning Subtrees may also show this close relationship to Eurafrican warm temperate areas (Fig. 4) while in other seaweed groups (Fig. 3) Feldmann (1946) also perceived this. Thus the situation for the seaweed flora of the Azores is different from that of the Cape Verde Islands. In the latter flora several of these "American" species occur (Prud'homme van Reine & Van den Hoek, 1988) , although both geographic position and the direction of ocean currents suggest relatively easy transport routes for seaweeds from tropical America to the Azores and difficult routes to the Cape Verde Islands.
The prevailing ocean current in the Azores is the N Atlantic Current, the oceanic continuation of the Gulf Stream. Seaweeds that have the ability to survive a several months-long journey may have been dispersed from the N American coasts to the Azores. For E Atlantic and Macaronesian seaweeds the direction of the surface ocean currents is opposite to the direction of the proposed transport. Nevertheless for all species restricted to the E Atlantic and also occurring at the Azores, transport from the Eurafrican coast or from Macaronesian islands must be supposed. There is no reason to suppose ocean currents to have changed their direction during the time the Azores exist (Sarnthein et al., 1982) .
Endernics
The relative number of strictly warm temperate seaweeds in the Azorean floras is low as compared to the numbers in Macaronesia s.s. and those on Eurafrican temperate coasts ( Table 7 ). The number of endemics, however, is not very different from that in other areas except the W Mediterranean, the latter being an area with high endemism.
Some of the Azorean endernics recorded by Feldmann (1946) have since been recorded from other areas. In some cases, species recorded as Azorean endemics for the Atlantic Ocean have also been recorded from areas outside the Atlantic. In Table 5 these two groups have been separated; in the Tables 7 and 8 the broad definition of endemics is used. Feldmann (1946) listed 9 strict endemics (4 red algae and 5 green algae; cf. my Fig. 7 . Numbers of species and the different distribution types composing the seaweed floras of six geographic areas in the NE Atlantic Ocean. For abbreviations denoting geographic areas (horizontal axis) see Table 1 . The vertical axis denotes the numbers of species (see small bar in Fig. 7a ). For abbreviations denoting distribution types see Table 4 , The numbers of species shared with the Azores and the numbers of endemics of each geographic area are also indicated, a: red seaweeds; b: brown seaweeds; c: green seaweeds Table 8 ). In his comments he stressed the uncertain taxonomic position of these endemics. It is very probable that several of these are not separate taxa (Van den Hoek, pets. comm. for Cladophora) but as long as no new information is available they cannot be discarded. Detailed taxonomic research is needed as well for the relative (Atlantic) endemics, i.e. species that are restricted to one area (e.g. the Azores) in the Atlantic, but which occur also in other oceans (see also Tables 5 and 8 ).
The Eurafrican coast
The species of the Azorean seaweed floras are almost all shared by the Eurafrican mainland seaweed floras (Fig. 6) . Most of these Azorean seaweeds occur on the Atlantic coasts as well as in the Mediterranean. Of most distribution groups large numbers of species are amphiatlantic, but in the warm-temperate distribution groups (Subtr.-SCWT, Subtr.-NCWT, SCWT proper and SCWT-NCWT in Fig. 6 and WT in Table 6 ) not a single amphiatlantic species occurs. Thus a distinct E American imprint, so characteristic for the Cape Verdean seaweed flora (Prud'homme van Reine & Van den Hoek, 1988} and possibly also present in Macaronesia s.s., is not present in the Azores.
In view of the relative geographic proximity of the Azores to the Eurafrican and Macaronesian coasts one would expect unimpeded seaweed dissemination between these coasts. This would result in seaweed floras being different as a result of differences in environmental regimes, particularly temperature regimes. However, the temperature regime of the Azores is similar to that of Madeira, and only slightly different from those of the oceanic Canary Islands {OC) and the warmer part of the Southern Cooler Warm Temperate area (Table 9 ). Nevertheless, dissimilarities between the Azorean seaweed Table 9 . Mean surface temperatures of the sea in ~ For details see PreU et al. (1976) , Crowley (1981) , Samthein et al. (1982) and McIntyre & Kipp (1976) . For abbreviations of area designations see Table 1 , LG = Last glaciation (ca 18 000 years ago) floras and these other seaweed floras are at the 50 %-level. Apparently other, nonenvironmental, possibly historical, factors are responsible for the separate and individual position of the Azorean seaweed floras. If this is true, the implication is that unimpeded seaweed dissemination between the Azores and other coasts is not possible.
North America
The absence of strictly warm temperate American species can be explained on the basis of differences in temperature regimes. The relationships between distribution boundaries and temperature responses of seaweeds have been experimentally determined for several species of the NE American tropical-to-temperate distribution group, the warm temperate Mediterranean-Atlantic distribution group, the amphiatlantic tropical-to-warm temperate distribution group and the amphiatlantic temperate distribution group (Yarish et ai., 1984 (Yarish et ai., , 1986 ; see also Breeman, 1988) . The warm temperate Mediterranean-Atlantic seaweeds have rather narrow growth and survival potentials at temperatures lower than 5 ~ or higher than 20 ~ These E Atlantic endemic species cannot grow along NH American shores, because the seasonal temperature range (> 20 ~ at any point along the NE American coast exceeds their temperature ranges. This is most probably also the explanation of the absence of amphiatlantic strictly warm temperate seaweeds in the seaweed floras of the Azores.
The warm temperate NE American coast algae, however, need high seawater temperatures in summer for growth and reproduction. These high seawater temperatures do not occur in the Azores and thus the few warm-temperate American seaweeds that have also been recorded from E Atlantic coasts cannot grow at the Azorean coasts. On the other hand, several species of seaweeds which are confined to the tropics in America can also be found on Azorean coasts (Table 10 ). In that table all amphiatlantic seaweeds not recorded for Warm Temperate America are examples of the phenomenon. Upon the assumption that the Caribbean and Azorean populations of one and the same species have the same temperature response (an assumption that has to be tested first}, it can be supposed that these algae meet at the Warm Temperate American coast with conditions which do not permit their survival. These conditions are possibly an adverse combination of temperature, hght and/or photoperiod (Van den Hoek, pers. comm.}. This combination of conditions evidently does not occur in at least parts of the Azorean (and other warm E Atlantic} coasts and thus a detailed study of these conditions as well as of the tolerances of the seaweeds occurring there can possibly elucidate this distributional difference.
Cold spells
For a number of Azorean seaweeds the last glacial period and probably also earlier cold periods in Phocene and Pleistocene could have been crucial. During the last glacial period {ca 18 000 years ago) surface temperatures of the seawater around the Azores were a few degrees centigrade lower than nowadays (Table 9 ). This table shows that mean surface temperatures of the sea around the Azores are within the values given for recent mean surface temperatures in the Southern Cooler Warm Temperate subregion (= SCWT): Azorean seawater temperatures during the last glaciation were near the lowest temperatures of recent SCWT seawater, while recent Azorean seawater temperatures are, especially in summer, just a few degrees higher than recent SCWT seawater. On the basis of the results of Yarish et al. (1984 Yarish et al. ( , 1986 , it is clear that these shght differences in seawater temperatures may have been sufficient for some warm temperate and tropicalto-warm temperate species to pass the lethal northern boundary. This means that only those seaweeds that nowadays occur in the warmer parts of SCWT as well as on the Azores may have suffered from the lower seawater temperatures occurring during the last glaciation. Only these algae can therefore be expected to have become extinct during that cold period, while all other seaweeds could have survived that period. Of the 44 recorded species of which the distribution type is Tropical-to-SCWT, Subtropical-to-SCWT or strictly SCWT (endemics excluded) the 33 species not recorded from European coasts (summer isotherms below 21 ~ winter isotherms below 15 ~ may have become extinct according to the above assumptions (see Table 10 ). Several of these species, however, occur in the western part of the Mediterranean or along the Warm Temperate American coasts and thns can survive lower winter temperatures.
Furthermore, the hypothesis that strictly tropical species are restricted to the tropics on the basis of their temperature responses has been tested for three strictly tropical species (Prud'homme van Reine & Van den Hoek, 1988) . The tests demonstrated that these tropical seaweeds are potentially capable of surviving much lower temperatures than those occurring in the area where these seaweeds can be found nowadays. This may also be the case for some of these Azorean warm water seaweeds.
If, however, the supposed extinction took place during the last glacial maximum, these species, then extinct, must have reached the islands later and thus within the last 18 000 years. Thus, most of the seaweeds now occurring in the Azores might have taken 1-5 million years to reach this archipelago, but the seaweeds that need higher seawater temperatures must have reached the Azores within the relatively short period of 18 000 years. For the Cape Verde Islands (Prud'homme van Reine & Van den Hoek, 1988) and for the archipelagos of Macaronesia s.s., .a different origin could be suggested for several of the warm-water species as opposed to species from colder waters, but for Azorean seaweeds this is not possible. They could have come from African coasts, from American coasts or from other Macaronesian islands. These suggestions, however, do not differ from suggestions based on recent distribution and recent routes of transport as discussed above. Of the 33 species discussed above (see Table 10 ), a total of 19 species are of amphiatiantic occurrence and 13 are E Atlantic endemics.
Alternative theories
For a number of species of the Cape Verde Islands it could be suggested, as an alternative theory, that they represent remnants of a formerly continuous Tethyan seaweed flora (Prud'homme van Reine & Van den Hoek, 1988) . A suggestion Like this can be tested by using the methods of vicariance biogeography (see Garbary, 1987) . The Azores emerged less than 5 million years ago (Schmincke, 1982) , although the oldest submarine parts probably originated in the early Miocene (Mitchell-Thom~, 1976) . Thus, the Azores emerged much later than the closure of Tethys and Paratethys and no survivors of an original Tethyan tropical early miocene seaweed flora can be suggested for the Azorean seaweed floras.
CONCLUSIONS
The number of species of seaweeds found in the Azores is low compared to other Macaronesian archipelagos and is even smaller than the number of species recorded from the tiny Salvage Islands (Table 5) . Reasons for this paucity may be the well-known extinction rule for island biota, especially for islands which are located at considerable distance from other shores (see Mac Arthur & Wilson, 1967) .
The long migration route for seaweeds from the American coasts to the Azores as well as from the Eurafrican and Macaronesian coasts to the Azores, and the small dimensions of the islands and thus of the length of their coasts are possible reasons for the paucity of the assembled seaweed flora of the Azores. The seaweeds of the Azores can therefore be characterized as chance survivors of chance invasions by long-range dispersal (see Van den Hoek, 1987) .
